Background Proximal femoral nail antirotation devices (PFNAs) are considered biomechanically superior to dynamic hip screws for treating unstable peritrochanteric fractures and reportedly have a lower complication rate. The PFNA II was introduced to eliminate lateral cortex impingement encountered with the PFNA. However, it is unclear whether the new design in fact avoids lateral cortex impingement without compromising stability of fixation and fracture healing. Questions/Purposes We therefore asked whether the PFNA II: (1) eliminates the lateral cortex impingement and fracture displacement experienced with PFNA; and (2) provides stable fracture fixation with a low major complication rate for unstable fractures in European patients.
Introduction
Increased life expectancy has led to a considerably increased incidence of proximal femoral fractures [17] . The standard of peritrochanteric fracture treatment is stable fixation, which allows early full weightbearing mobilization of the patient [1, 5, 10, 24, 27] . The choice of surgical treatment is determined in part by whether the fracture is judged stable or unstable. Unstable intertrochanteric fractures are those with major disruption of the posteromedial cortex because of comminution or are fractures with Each author certifies that he or she, or a member of their immediate family, has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article Clinical Orthopaedics and Related Research neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDA-approval status, of any drug or device prior to clinical use. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. reverse oblique or subtrochanteric fracture lines. Fractures without posteromedial cortex disruption or subtrochanteric extension are considered stable [25, 26] .
For stable fracture types (eg, A1 AO/OTA classification [25] ), sliding or dynamic hip screw systems provide stable fixation with a low major complication rate [9] . In patients with unstable fractures (eg, A2, A3 AO/OTA classification), dynamic hip screws (DHSs) have been associated with increased complication rates such as cutout of the head screw [31] . In these cases with cortical comminution, progressive displacement is more likely to occur using a DHS compared with an intramedullary nail [34, 35] . The most common failure mechanism is migration of the femoral head into varus and retroversion and subsequent extrusion, or so-called cutout, of the lag screw through the femoral head [43] . Migration can also occur by concomitant femoral head rotation around the implant shaft [35] . These phenomena are most likely attributable to an insufficient purchase of the implant in the femoral neck, especially in the presence of predisposing factors such as osteoporosis [20] or poor reduction [6] . For these patients, several intramedullary nails have been developed [12, 28, 29] that are reportedly superior biomechanically [8, 32] . Positioning of the intramedullary device close to the weightbearing axis of the femur reduces forces on the implant. The primary innovation of the proximal femoral nail antirotation (PFNA, AO/ASIF) design is the helical neck blade that reduces the risk of bone loss and offers improved purchase in the femoral head as a result of compaction of cancellous bone around the blade during insertion [35, 36, 41] . Rotation of the head-blade combination as a whole is prevented by an intrinsic locking mechanism [3, 38] . Furthermore, given controlled impaction of the metaphyseal fracture zone, immediate full weightbearing is allowed. Despite the fact that PFNA provides high union rates with low major complication rates [13, 14, 42] , it has been associated with lateral cortex impingement [40] that causes lateral cortex fracture and fracture displacement during insertion. The round profile of the nail creates pressure to the lateral wall and the headneck fragment ( Fig. 1) , thus damaging the lateral wall and causing loss of reduction and varus of the head-neck fragment, a complication that decreases stability and increases the risk to cutout.
The PFNA II was designed to overcome those concerns. Its mediolateral angle is reduced to 5°, allowing a slightly more lateral entry point through the tip of the greater trochanter. Furthermore, it has a more flattened lateral surface ( Fig. 2 ) that theoretically decreases the length of the region of impingement on the lateral cortex ( Fig. 3 ) thus reducing the risk of fracture during insertion. Lv et al. [23] recently reported that proximal femoral nail antirotation for unstable trochanteric fractures in Asian patients provided an anatomic fit in the proximal femur with 95% ideal position of the nail and eliminated complications related to fixation. Tyagi et al. [39] analyzed the geometric discrepancies between the proximal femur and two types of PFNA (PFNA and PFNA II) using CT-based analysis in Asian patients. They concluded the morphological incompatibility between the proximal femur and PFNA originated from the difference in the bending angle on the coronal section and the angle of inclination of the lateral cortex and found the flat lateral shape of PFNA II lessened impingement between the lateral side of the proximal femoral nail and the lateral cortex of the proximal femur.
To confirm these findings we asked whether the PFNA II: (1) eliminated the lateral cortex impingement and fracture displacement experienced with PFNA; and (2) provided stable fracture fixation with a low major complication rate for unstable fractures in European patients. 
Patients and Methods
Between January 2009 and September 2010, we treated 130 patients with unstable fractures of the proximal part of the femur (31A2, 31A3). The first 72 patients were treated with PFNA; this nail was replaced by PFNA II in our practice for the next 58 cases between February 2010 and September 2010 because we were asked by Synthes (Solothurn, Switzerland) to test the new nail design (PFNA II) regarding the occurrence of lateral cortex impingement, major complications, and fracture healing in unstable fracture types. We excluded 13 patients because of the presence of one or more of the following exclusion criteria: age younger than 60 years, multiple trauma, open injuries, pathological fracture, or a severe medical condition. Another nine patients died or were lost to followup. Of the remaining 108 patients, 58 were treated with PFNA and 50 with PFNA II. Sixty-one were females and 47 were males.
The mean age was 78.2 years (range, 60-93 years). The right hip was involved in 59 of the 108 patients. Each fracture was classified using the AO/ASIF classification [25] . The minimum followup was 12 months (mean, 13 months; range, 12-18 months). No patients were recalled specifically for this study; all data were obtained from medical records and radiographs.
Details of all patients were retrieved from their files, operative reports, and regular followup visits. We recorded demographic data and comorbid medical conditions ( Table 1 ) and type of injury ( Table 2 ). The two groups had similar demographics and comorbidities ( Table 1) .
Operations were performed by one of three experienced orthopaedic trauma surgeons (GAM, SDK, SAP) familiar with the technique of extra-and intramedullary nailing of the proximal femur. All patients had spinal anesthesia. All operations were performed on a radiolucent traction table where closed reduction of the fracture was carried out under image intensification. When closed reduction failed, a limited open reduction was performed and a retractor was used for the elevation of the distal fragment with particular emphasis on the posteromedial wall reconstruction. In 13 cases, open reduction was necessary, eight in the PFNA group and five in the PFNA II group. A standard operative All qualitative variables are presented as number (%); PFNA = proximal femoral nail antirotation. technique recommended by the manufacturer, as described in detail in instruction manuals, was used. The nail was inserted after a minimal approach proximally to the tip of the greater trochanter without canal reaming except from proximal 17-mm reaming. The blade was inserted without drilling. Distal interlocking was performed in a static manner in all cases. The nails used were 200 mm or 240 mm in length and 10 mm or 11 mm in diameter. Suction drains were not used in either of the PFNA groups. Bone grafting was not used in any of the 108 cases. All patients received three doses of a prophylactic antibiotic regimen starting 2 hours before the operation. Suction drains were not used in any patients. The length of the operation from skin incision to skin closure and total radiation time were recorded. Criteria for transfusion were constant throughout the study period: hemoglobin value below 8 g/dL or below 10 g/dL in patients with coronary artery disease.
Low-molecular-weight heparin was routinely administered in all patients starting from admission and for a 6-week period. The rehabilitation protocol was uniform regardless of the fracture pattern and the type of fixation. Patients were encouraged to walk with a frame, allowing full weightbearing as tolerated, starting from the first postoperative day when capable. They were all encouraged to perform hip and knee exercises. We recorded time to mobilization, number of units of blood transfused, and length of hospitalization.
All patients were followed up at 1, 3, and 6 months and 1 year with physical examination of the affected limb. Plain AP and lateral radiographs were taken at each visit, incorporated into the patient's medical file, and reviewed for fracture union or implant failure. We classified walking ability into three categories: able to walk independently without aids or with a stick, walking independently with the help of aids (crutches or frame), and walking only when assisted by another person. Additionally, peri-and postoperative complications, need for transfusion, duration of surgery, fluoroscopy time, time to mobilization, time to discharge, and plain radiography data were all collected and recorded in detail. Potential complications were distinguished as (1) major: cutout, breakage, or migration of the implant, reoperation for any reason, pulmonary embolism, acute coronary infract, acute respiratory distress; and (2) minor, including wound healing disturbances, superficial wound infection, urinary tract infection, and superficial vein thrombosis [13] . Hip function was estimated with the Harris hip score [16] . There were no missing data through the followup period.
Plain AP and lateral radiographs were obtained on the first postoperative day and were retrospectively examined by one of us (GAM) specifically for this review for reduction of the fracture and position of the implant. One of us (GAM) evaluated all radiographs for quality of reduction and implant positioning, presence of impingement between the nail and lateral cortex, implant migration, cutout, and presence of callus on AP and lateral radiographs. The reduction was regarded as excellent if it was anatomical, good if it was up to 5°of varus-valgus on the AP view or 5°of ante-or retroversion on the lateral view and up to 5 mm of translation between the main fragments, acceptable if it was up to 10°of varus-valgus on the AP view or 10°of ante-or retroversion on the lateral view, and up to 10 mm of translation between the main fragments and unacceptable beyond those limits. Positioning of the nail into the femoral canal was evaluated, identifying cases in which impingement on the lateral cortex occurred on the AP view. We determined whether the blade was centrally located on both AP and lateral views. Fracture union was determined radiographically as the appearance of a bridging callus on three or four cortices on the AP and lateral views and clinically as a lack of pain sensation around the fracture site [15, 28] .
The quantitative and qualitative variables are represented by the number of patients (N), mean value (mean), SD, median, interquartile range (IQR), and the frequencies (n) and percentages, respectively. The Kolmogorov-Smirnov test was used for normality analysis of the quantitative data. We determined differences in nail impingement to the lateral cortex, lateral wall fragment, loss of reduction, union, complications related to fixation, and systematic complication using the Fisher's exact test. The Mann-Whitney test was used to determine differences in the operative time between the two groups. We determined differences in mobility status, quality of reduction, and type using the chi square test. Fisher's exact test was also used to compare sex, concomitant diseases, and means of reduction. The differences in age, Harris hip score, and blood units transfused were determined using the independent samples t-test. The Mann-Whitney test was also used to compare time to operation, time to mobilization, and hospital stay. The Welch test was used in case of violation of equal variances (fluoroscopy time). All tests were two-tailed. All analyses were carried out using the statistical package SPSS Version 16 (Statistical Package for the Social Sciences, SPSS Inc, Chicago, IL, USA).
Results
Patients treated with PFNA were more likely (p = 0.002) to have impingement and fracture. In patients treated with PFNA II we identified none with impingement of the nail to the lateral cortex and none with lateral wall fragment or fracture displacement, whereas in patients treated with PFNA, we identified 10 occurrences of lateral impingement and in five of those 10 patients, the impingement resulted in fragmentation of the lateral wall. Fragmentation resulted in loss of reduction into varus in three of the five patients.
We observed fracture union in all PFNA II cases without mechanical failure complications. In PFNA cases, the fracture was united in 57 of 60 cases (98.3%).
The operating time was shorter (p \ 0.001) in the PFNA II group compared with the PFNA group: 23 minutes versus 27 minutes, respectively; the difference likely has little if any clinical or economic importance.
PFNA II was comparable to PFNA regarding fluoroscopy time, need for transfusion, hospital stay, systemic complications, time to mobilization, and Harris hip score at 6 and 12 months ( Table 3 ). We also found also no difference regarding fracture and operative variables such as preoperative mobility status, type of fracture, time to operation, quality of fixation, means, and quality of reduction ( Table 2) .
Both PFNA II and PFNA groups had three complications related to fixation (Table 3 ). In the PFNA group, two patients with intraarticular protrusion of the helical blade and one case of cutout were noticed (Fig. 4 ). In the PFNA II group, there were two patients with lack of compression of the fracture site initially and one case of breaking of the tip of the blade. Table 4 presents those complications and the way they were addressed.
Discussion
Proximal femoral nail antirotation, like other intramedullary devices for treating patients with unstable peritrochanteric fractures, has allowed a rapid minimally invasive approach with minimal surgical trauma and provided stable fixation allowing early mobilization with full weightbearing [13, 42] . The major concern of this implant, however, is the impingement of the nail on the proximal lateral cortex that can cause lateral wall fracture and/or displacement of the reduced fracture. Synthes therefore designed the new version, the PFNA II, to overcome that concern. Theoretically, the flattened lateral surface, together with the decreased mediolateral nail angle, prevents lateral wall impingement [39] . We therefore asked whether the PFNA II: (1) eliminates the lateral cortex impingement and fracture displacement experienced with PFNA; and (2) provides stable fracture fixation with a low major complication rate for unstable fractures in European patients. A number of limitations of our study lessen the use of our observations. First, although a small study, we could identify fewer cases of lateral wall impingement with PFNA II compared with PFNA I. Second, our study was retrospective so the groups were not randomized and the PFNA I group was treated earlier than the PFNA II group. It is within the nature of implant evolution that newer implants are typically examined subsequent to existing implants. Third, peritrochanteric fractures may present with variable biomechanical differences, although we think it generally acceptable to treat these with intramedullary devices. One could argue that a comparison of intramedullary versus extramedullary devices for unstable peritrochanteric fractures could be included as a control group for the PFNA II device. Fourth, our data are those from a single surgeon and might not be generalizable. Finally, we found no major differences in the versatility of PFNA II compared with PFNA I; however, it appears that PFNA II better fits the proximal femur with fewer complications and thus with the numbers available, it appears the PFNA II is an improved design compared with PFNA I.
We found no patients with lateral cortex impingement in the PFNA II group but 10 (17%) in the PFNA group. We further found impingement could lead to lateral fragment or fracture displacement, whereas absence of impingement prevented those complications during insertion. Xu et al. [42] in a comparative study of PFNA versus DHS in unstable peritrochanteric fractures reported two of 51 PFNA cases with minor split of the lateral cortex during insertion that were treated nonoperatively with subsequent uneventful union. Garg et al. [14] in a recent prospective study of PFNA versus DHS made no comment regarding difficulties or complications during nail insertion. Similarly, Gardenbroek et al. [13] in a retrospective comparison of PFNA versus PFN in unstable fractures favored the use of PFNA without commenting on lateral impingement or any of its sequences. Tyagi et al. [39] studied PFNA and PFNA II designs relative to proximal femoral anatomy in an Asian population using a CT-based analysis. Comparing proximal femoral anatomy with dimensions of PFNA and PFNA II, they concluded the lateral inclination angle and impingement length of femur are discrepant in PFNA; however, in PFNA II, the flat lateral surface reduced the risk of impingement with the lateral femoral cortex. Lv et al. [23] found PFNA II for unstable trochanteric fractures in Asian patients provided an anatomic fit in the proximal femur with 95% ideal position of the nail and eliminated complications related to fixation. The proximal femoral anatomy of European patients differs from that of Patient initially presented with an A2.2 AO fixation (Fig. 4A) ; during surgery the helical blade was not locked (Fig. 4B) ; patient presented at 3 months with cutout of the blade (Fig. 4C) ; he was treated with revision osteosynthesis using a 95 o dynamic plate that led to uneventful union Asian people but we observed a rate of 17% lateral wall impingement among 58 patients treated with PFNA and none in 50 patients treated with PFNA II. Thus, PFNA II appears to reduce the risk of impingement. Compared with PFNA, PFNA II was associated with a reduction in units of blood transfused, time to mobilization, hospital stay, complication rate, functional outcome, and higher rate of union. We observed no instance of cutout, no other major complication, and all fractures healed; only one patient had a reoperation for blade removal after the fracture had healed. Sporadic reports [11, 21] support the use of intramedullary implants instead of dynamic screws for treating peritrochanteric fractures in general and suggest there may be major benefits regarding rehabilitation services in the first 6 months after discharge and total expenditures for hospital services [4, 44] . However, other studies [2, 7, 22, 40] have concluded there is no clear benefit of cephalomedullary nailing versus extramedullary implants. It seems that intramedullary implants are beneficial in subtrochanteric and unstable fracture types [19, 31] . Among the latter are transverse or reverse oblique but also multifragmentary fractures that sustain intra-or postoperative shattering of the lateral trochanteric wall. Nails seem to prevent failure by opposing the uncontrollable medialization, and eventual failure, that occurs under these circumstances [18] . In the last 3 years, several studies [13, 14, 33, 36, 45] report high union rates combined with low major complication and reoperation rates and decreased blood loss and hospital stay with the use of PFNA in peritrochanteric fractures and especially unstable types (Table 5 ). Our observations confirm those in the literature [13, 14, 33, 36, 45] suggesting PFNA is a reasonable option for unstable peritrochanteric fractures.
We found the operative time was slightly shorter (4 minutes, 23 versus 27 minutes) when using PFNA II compared with PFNA but this is likely of no clinical or economic importance. Mean fluoroscopy time was also shorter in PFNA II. The instrumentation of PFNA II was modified. The initial 17.0-mm drill bit is more flexible, whereas the handle is more easily removed by the static hexagonal socket. The small decrease in operative time could be attributed to the ease of insertion as a result of the flattened lateral nail surface and the decreased mediolateral angle that allows entrance at the tip of the greater trochanter with a reduced risk of trochanteric fragment or displacement. The recommended entry point of PFNA II is at the tip of the greater trochanter. Streubel et al. [37] suggested a high degree of variability exists for the ideal trochanteric entry site, yet the trochanteric tip represents the ideal starting point in only the minority of cases. They suggest an entry point 3 mm (mean value) medial to the tip as representative for most of the trochanteric nails. That differentiation with use of PFNA II compared with other techniques must be stressed. PFNA II minimizes the risk of lateral impingement encountered with PFNA. It can be easily inserted through the tip of the greater trochanter and be implanted fast, decreasing fluoroscopy time. The major complication rate was decreased without cutout or mechanical failure. We believe that this nail is a reasonable option and provides some advantages over the PFNA; at the same time, we emphasize that regardless of the implant choice and its specific technical characteristics, in the end, it is the technique of inserting it properly that is the key to succeed with stable fixation and prevent major complications. Currently PFNA II is our implant of choice in unstable peritrochanteric fractures.
